Conformational properties of branched RNA fragments in aqueous solution.
The conformational properties of branched trinucleoside diphosphates ACC, ACG, AGC, AGG, AUU, AGU, AUG, ATT, GUU, and aAUU [XYZ = X(2'p5'Y)3'p5'Z] have been studied in aqueous solution by nuclear magnetic resonance (1H, 13C), ultraviolet absorption, and circular dichroism. It is concluded from these studies that the purine ring of the central residue (X; e.g., adenosine) forms a base-base stack exclusively with the purine or pyrimidine ring of the 2'-nucleotidyl unit (Y; 2'-residue). The residue attached to the central nucleoside via the 3'-5'-linkage (Z; 3'-residue) is "free" from the influence of the other two heterocyclic rings. The ribose rings of the central nucleoside and the 2'- and 3'-residues exist as equilibrium mixtures of C2'-endo (2E)-C3'-endo (3E) conformers. The furanose ring of the central nucleoside (e.g., A) when linked to a pyrimidine nucleoside via the 2'-5'-linkage shows a higher preference for the 2E pucker conformation (e.g., AUG, AUU, ACG, ca. 80%) than those linked to a guanosine nucleoside through the same type of bond (AGU, AGG, AGC, ca. 70%). This indicates some correlation between nucleotide sequence and ribose conformational equilibrium. The 2E-3E equilibrium of 2'-pyrimidines (Y) shows significant, sometimes exclusive, preference (70-100%) for the 3E conformation; 3'-pyrimidines and 2'-guanosines have nearly equal 2E and 3E rotamer populations; and the ribose conformational equilibrium of 3'-guanosines shows a preference (60-65%) for the 2E pucker. Conformational properties were quantitatively evaluated for most of the bonds (C4'-C5', C5'-O5', C2'-O2', and C3'-O3') in the branched "trinucleotides" AUU and AGG by analysis of 1H-1H, 1H-31P, and 13C-31P coupling constants. The C4'-C5' bond of the adenosine units shows a significant preference for the gamma + conformation. The dominant conformation about C4'-C5' and C5'-O5' for the 2'-and 3'-nucleotidyl units is gamma + and beta t, respectively, with larger gamma + and beta t rotamer populations for the 2'-unit. The increased conformational purity in the 2'-residue, compared to the 3'-residue, is ascribed to the presence of an ordered (adenine----2'-residue) stacked state. The favored rotamers about C3'-O3' and C2'-O2' are epsilon- and epsilon'-, respectively. The conformational features of AUU and AGG were compared to those of their constitutive dimers A3'p5'G, A2'p5'G, A3'p5'U, and A2'p5'U and monomers 5'pG and 5'pU.